The P wave 'terminal force' in lead Vi of the electrocardiogram has been measured in I59 patients with early ischaemic heart disease and in 206 normal subjects. For Luomanmaki, 1970) , but little has been written about P waves in ischaemic heart disease before overt infarction has occurred. Our attention was drawn to this subject by the observation that progressive 'mitralization' of the P waves sometimes was seen as the only abnormality of the electrocardiogram in the preinfarction phase of ischaemic heart disease, even a year before infarction. The possibility of using the P wave abnormality as an early warning sign of ischaemic heart disease was supported by finding it in some cases of angina pectoris where the electrocardiogram was normal in other respects.
P wave abnormalities of the electrocardiogram after myocardial infarction are well recognized (Master, I933; Bloom and Gilbert, 1942;  Sutnick and Soloff, I962; Sitar, I965; Heikkild, I967; Grossman and Delman, I969; Heikkild and Luomanmaki, 1970) , but little has been written about P waves in ischaemic heart disease before overt infarction has occurred. Our attention was drawn to this subject by the observation that progressive 'mitralization' of the P waves sometimes was seen as the only abnormality of the electrocardiogram in the preinfarction phase of ischaemic heart disease, even a year before infarction. The possibility of using the P wave abnormality as an early warning sign of ischaemic heart disease was supported by finding it in some cases of angina pectoris where the electrocardiogram was normal in other respects. In order to assess the clinical value of the sign, the P waves in a group of patients with early ischaemic heart disease and in a group of normal controls were examined. Since paroxysmal supraventricular tachycardia may be associated with ischaemic heart disease and/or P wave abnormalities (Davies and Ross, I963), we have also studied a group of patients with paroxysmal supraventricular tachycardia who were free from evidence of ischaemic heart disease.
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Subjects and methods A total of I59 patients with early ischaemic heart disease was studied. The clinical findings in this group have been described elsewhere (Nixon and Bethell, 1972) . No cases with hypertension, previous myocardial infarction, valvular heart disease, or cardiac failure were included. The diagnosis of ischaemic heart disease was based on the history of angina pectoris in iii patients, in whom the resting electrocardiogram was abnormal in 2I (i8%). In the remaining 48 patients without angina pectoris, the diagnosis was made on the basis of electrocardiographic abnormalities at rest (24 cases), after exercise (17 cases), or in the year before or after the first attendance at the cardiac department (7 cases).
The series of normal subjects consisted of 206 people seen in the cardiac department and considered to have normal hearts. The paroxysmal supraventricular tachycardia series consisted of 43 patients with this clinical diagnosis, none of whom had evidence of ischaemic heart disease, hypertension, valvular heart disease, or Wolff-Parkinson-White syndrome.
In each case, a full history was taken, physical examination performed, and a I2-lead electrocardiogram recorded using a Cambridge direct writing electrocardiograph. Abnormalities of the QRST complexes were noted on the basis of the Minnesota Code (Blackburn et al., I96o) .
The P wave in lead Vi was examined with a lens and graticule, measurements being made to the nearest millimetre in amplitude and the nearest O-0i sec in duration. The size of the 'terminal force' of the P wave in lead Vi was calculated by group.bmj.com on June 20, 2017 -Published by http://heart.bmj.com/ Downloaded from P wave of electrocardiogram in early ischaemic heart disease 1171 the method of Morris et al. (I964) . The measurement and calculation of this terminal force are illustrated in Fig. I . The terminal force is the product of the amplitude in mm and the duration in seconds of the terminal portion of the P wave. Upward deflections are denoted positive and downward deflections negative, e.g. in Fig. i , the force is a x t mm sec. In patients with left heart disease involving the left atrium, such as mitral stenosis, progression of the disease results usually in increasing negativity of the P wave terminal force, referred to here as 'mitralization'. Re-4 covery from an illness such as myocardial infarc- tion may be associated with decreasing negativity of the terminal force (Fig. 2) . The majority of patients with ischaemic heart disease had simultaneous apex cardiograms and phonocardiograms performed by a technique described elsewhere (Nixon, Hepburn, and Ikram, i964) , in order to detect and record the atrial gallop, which may be the earliest detectable physical sign of left ventricular dysfunction from ischaemic heart disease.
Results
The terminal portion of the P wave in lead Vi has been recorded as positive, isoelectric, or negative. The incidence of the different P wave morphologies for each diagnostic group in each age range is shown in Tables I to 3. A negative 'terminal force', that is a biphasic PVi, was found in about two-thirds of normal subjects over the age of 40 and in the ischaemic heart disease group.
When the magnitude of this terminal force is examined, differences emerge between the two groups. In each age range, the average P wave terminal force in ischaemic heart disease is much more negative than in the normal and paroxysmal sypraventricular tachycardia groups, and the negativity increases steadily with age (Fig. 3) .
The terminal force for every subject in the study is illustrated in Fig. 4 . None of the paroxysmal supraventricular tachycardia group and only one of the normal subjects had a force more negative than -o-o20 mm sec. For those over the age of 40, this represents an incidence of less than i per cent for the normal subjects (i out of I13). Of the I I52 ischaemic heart disease patients over the age of 40, the P wave terminal force was more negative than -o0O2o mm sec in 27 (I8%) and more negative than -o-o3o mm sec in II (7%). In 17 of the 27 patients with a force more negative thano0o2o mm sec and in 5 of the ii with a force more negative than -oo30 mm sec, there was no other abnormality of the resting electrocardiogram.
Though the P waves were normal in the paroxysmal supraventricular tachycardia Lead V1
The terminal force of the P wave in lead VI (Ptf) is calculated by multiplying the amplitude (a mm) of the terminal portion of the P wave (in this case negative) by its duration (t sec). The Ptf in this example is a x t mm sec. F I G . 2 Lead VI from the serial electrocardiograms of a patient recovering from myocardial infarction complicated by pulmonary oedema. There is gradually decreasing negativity of the P wave terminal force (Ptf) from -OI60 mm sec on 27 May I970 to-ON0I8 mm sec on 9 guly s970. 
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. . . 5 . , , , , , , . X , . l , , w w s z w w f X f * r l X § f i X s | | | l l X _ ] , , , , , , , , . , , , . f x , f , w s i s * X x s [ t f x x [ T | T x s s E f * i * f x w Z [ X U | f i X X w r U w X X X LUl x X X | X X | rr f I rX w l I X X s -X X x | J -r W x X x x X x X s X x } s | I ssTrrn XT group, abnormalities were found when tachycardia was combined with ischaemic heart disease. Of the i59 ischaemic heart disease group, 8 gave a history of paroxysmal tachycardia and 4 (50%) of these had a P wave terminal force more negative than -o-02o mm sec and 2 (25%) had a P wave terminal force more negative than -o0o30 mm sec. The average terminal force ofthe patients with both paroxysmal supraventricular tachycardia and ischaemic heart disease was -0O020 mM sec as opposed to -O0i mm sec for the whole ischaemic heart disease group. Simultaneous apex cardiography and phonocardiography were performed in io8 of the ischaemic heart disease group. An atrial gallop was detected by these techniques in 7I cases (66%). The incidence of an atrial gallop in patients with a P wave terminal force more negative than -o030 mm sec was not different from that of the whole ischaemic heart disease group. Discussion Sodi-Pollares and Calder (i956) said that the P wave might be the first component of the electrocardiogram to become abnormal in hypertension, and his observation has been confirmed (Tarazi et al., I966). Our results suggest that P wave abnormality may also be the first electrocardiographic sign of ischaemic heart disease. P wave changes after myocardial infarction, with increased negativity of the P wave terminal force, are well recognized and have usually been thought to indicate severe heart disease with left ventricular failure (Sitar, i965; Grossman and Delman, i969) or that our suggested normal value for healthy adults is similar to that which Reynolds (I967) found for healthy children. We think it likely that Morris et al. included some patients with occult ischaemic heart disease, whom we have taken as much care as possible to exclude, by careful history taking (Nixon and Bethell, 197i) , examination in the left lateral position for the atrial gallop, and frequently using apex cardiography and phonocardiography and exercise testing.
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Our study did not show an abnormal P wave terminal force in paroxysmal supraventricular tachycardia unless the patient suffered ischaemic heart disease as well. Davies and Ross (I963) found P waves of increased width or abnormal notching in 22 per cent of their series of patients with paroxysmal supraventricular tachycardia, with a higher incidence of these abnormalities in older patients. We had very few patients with simple paroxysmal supraventricular tachycardia over the age of 50; and it is also possible that Davies and Ross included some cases of occult ischaemic heart disease in their series. A third factor which may contribute to P wave abnormalities in ischaemic heart disease is degenerative fibrosis of the atrial wall from the coronary disease process (Pirani and Langendorf, 1949; Liu, Greenspan, and Piccirillo, 196I) . 
